Abstract. The concept of sustainability in agricultural production is characterised by three interrelated dimensions: environmental sustainability; economic sustainability; and social sustainability. Research studies are needed to understand what the specific characteristics of each dimension are and how they interact in time and space. The aim of this research is to make a sustainability assessment of agricultural production in the crop sector in Latvia. In the paper, the authors have compiled existing studies that have tried to include all the three dimensions of sustainability analysis and to provide explanations of factors determining sustainable agricultural production. It was concluded that some agricultural development indicators pointed to the challenges of meeting sustainable economic development objectives in agricultural production. The results showed that this development of agricultural production in the crop sector took place at the expense of natural capital impairment, as the environmental sustainability index had fallen from a neutral value of 0 to a negative value of -0.25 during the last decade. Activity data characterising the production practices of crop farms pointed to a non-sustainable farming system, where the intensity of exploitation of production resources of fossil origin had essentially increased.
Introduction
Agriculture and its specific form of production is a unique part of the single economic, environmental and social system. The key and basic purpose and objective of agriculture is to produce food for humans. An analysis of achieving this objective in global context done by the authors showed that the situation in all regions of the world is not homogenous. At the beginning of the industrial era in around the 1790s, there were approximately 800 million people that had to be supplied with food. Today, the total world population exceeds 7 billion, and it is expected that food will be needed for about 9.3 billion by 2050 [1; 2] .
In developed countries, achieving quantitative targets in food production for consumption has not been a priority since the 1970s; however, with the world population increasing as well as with the purchasing power of the population rising, the demand for food is projected to increase [1; 2] . Even though population growth rates are not equal across the world's regions, resources needed for meeting the growing demand and providing the entire world population with food are constrained. Supplying 7 billion people with food has estimated to require: a third of dry-land agro-ecosystems, approximately half of fresh water resources as well as a double amount of nitrogen and phosphorous naturally present in the environment [3] . Accelerated global economic growth has led agriculture to commence a complicated development cycle, as the demand for food has to be met by observing the principle of sustainability -beginning with the production cycle through to processing and distribution to final consumers [4] . The entire food supply chain -production, processing and distribution -has to be sustainable, and a number of assessment and calculation methods are employed to examine it.
The most popular methods in analyses of sustainable development are as follows: life cycle assessment, cost-benefit analysis, environmental impact assessment and ecosystem valuation. Sustainable production standards, principles and criteria are developed employing the mentioned methods. These methods usually employ the same input data, yet the applications of the data can considerably differ [5] .
Selecting a set of accurate indicators for assessing sustainable development is a complicated task, as the indicators have to reflect correct changes in the interrelated systems of all sustainability dimensions. The aim of this research is to assess sustainability of crop production. In order to achieve the aim and determine the situation in such complicate system as the crop sector an indicator method was used where any selected indicator meets certain criteria showing changes in a system.
Materials and methods
The authors have used the publications and studies of foreign and Latvian scientists, reports and statistical data from Farm Accountancy Data Network (FADN) and Central Statistical Bureau of Latvia (CSB). The studies all applied accepted research methods in economics, i.e. monographic descriptive method, analysis and synthesis methods, as well as strong focus on the development of an approach for assessing sustainability in agriculture, which is described further.
Various research papers suggest diverse sets of indicators for assessing sustainability in agriculture. A research study on theoretical possibilities for assessing the sustainable intensification of agricultural systems found that up to 500 various indicators were suggested for sustainable intensification assessment. Of the indicators, 202 could be characterised as relating to social dimensions, 95 -to economic dimensions and 198 related to environmental assessment. Only the remaining five indicators might be considered to be ones showing other changes [6] . At present, a number of sets of indicators have been created and exist, which are employed as those measuring sustainability. A few of overall indicator systems are as follows: Eurostat Sustainable Development Indicators [7] ; 17 Sustainable Development Goals [8] ; OECD Agri-environmental Indicators [9] ; OECD Green Growth Indicators [10] ; OECD Better Life Index [11] ; OECD Well-being indicators [12] ; Environmental Performance Index (EPI) [13] ; Ecological Footprint [14] ; Living Planet Index (LPI) [15] . However, indicator systems that are suitable for measuring sustainability at farm level can be mentioned the following: Sustainability indicators for the Farm Accountancy Data Network (FADN) network [16] ; Indicators of sustainability at farm level by dimension of [17] .
Based on an analysis of such information, the authors believe that targets and a set of indicators have to be defined for agricultural development in Latvia, which would be consistent with the marginal values of natural, financial, human and manufactured capital. At national macroeconomic level, a combined, synthetic indicator or an index that would best show changes in capital of each type exploited in production has to be used to assess sustainable intensification in agriculture. An assessment of sustainable intensification in crop farming is performed employing a four-step methodology: (1) identification and definition of causes of an activity; (2) definition of appropriate sustainability indicators; (3) definition of sustainable intensification indexes; (4) identification of effects on sustainable development. Based on the definition of sustainable agricultural intensification, the authors have assumed what the dynamics of change in the indicators of each type of capital should be. The basic idea of sustainable agricultural intensification is to increase the productivity of land resources, while enhancing environmental management. There are three types of expression of sustainable intensification: "soft" sustainable intensification where the environmental impacts increase at a rate that is lower than the increase in well-being/ economic activity; "medium" sustainable intensification where the environmental impact is kept stable in the face of growing economic activity/ well-being (e.g., the case of Irish milk production, which is growing, and GHG emissions, which are flat-lining); "hard" sustainable intensification where the environmental impacts decrease at the rate that is equal or faster than the increase in well-being/ economic activity.
This means that a combination of the factors of production exploited in agricultural production is not the same for all agricultural management systems and industries, therefore unified and comparable indicators for assessing diverse systems have to be defined to assess sustainable agricultural development. The indicators showing change in the value of capital have to be: appropriate, reliable, accurate, comparable, and easy to interpret and based on good quality/ credible input data. The process of selection and calculation of indicators is presented in Figure 2 . In selecting an indicator, one can use: direct output data (e.g. GHG emissions from crop farming); a ratio or a coefficient (e.g., the share of GHG emissions from crop farming in total agricultural emissions); a relative indicator (e.g., GHG emissions per kg protein or per kJ food).
According to the scientific literature, the key causal relationships of activities in crop farming that affect sustainable intensification are as follows:
• economic: profitability; diversification of economic activity; financial and resource autonomy; stability of economic activity; • social: working and living conditions on agricultural holdings; application of best farming practices; production of socially responsible products;
• environmental: fertilisers and plant protection products applied; agricultural land tillage; renewable energy sources; agricultural land quality control; biodiversity, GHG emissions; • technological/ innovation: change of technological processes and equipment; development of products; learning. Results and discussion Sustainable agricultural intensification in Latvia has to be socially just and ecologically and economically viable, achieving the objective of producing sustainable agricultural produce. In view of the global context of production of agricultural products, the agriculture of Latvia has to be ready for new challenges, considering the products produced in the context of sustainability. It is necessary to assess agricultural production by sustainability category in order to adapt it for sustainable development [18] . According to the research aim set, the assessment of sustainable intensification in crop farming basically involves the identification of changes in indicators and of measures to be introduced by agricultural holdings to ensure their development is sustainable. By employing the assessment method developed, it is possible, for example, to identify indicator values after GHG emission reduction measures have been introduced in agriculture, compared with the situation if no such measures are implemented. The assessment of sustainable agricultural intensification integrates all the sustainability dimensions, and present and future benefits are identified at farm microeconomic level [19] . The authors, selecting the best indicators, defined six key necessary characteristics of sustainable development:
• change in development have to be a positive value oriented towards the future;
• all the key sustainable intensification factors are assessed and their interrelations are analysed;
• interdependence of economic, social, environmental and technological/innovation factors is determined; • compromises among the factors are minimalized;
• factor effectiveness is assessed taking into account human needs for sustainability;
• methodology for assessment is simple and comprehensible for all stakeholders involved.
Initially, the selection of indicators for each group of sustainability factors was based on research studies available in the scientific literature. For performing the selection, summarisation, calculation and interpretation of indicators at farm level, a number of methods have been suggested: RISE [20] ; SAFE [21] ; MOTIFS [22] ; SOSTARE [23] , as well as a method suggested by M.N. Thieverges [24] . Of all the examined theoretical methods for analysing indicators, the authors chose the method for assessment of agricultural and environmental sustainability developed by Van Cauwenbergh, which involves performing an assessment at four levels, and its sequence is presented in Table 1 . A unified list of the most necessary indicators appropriate for the conditions in Latvia was developed according to the above-mentioned characteristics of sustainable development. A methodology "Sustainability Indicators: Measuring the Immeasurable?" developed by S. Bell and S. Morse [25] as well as a research study on sustainability assessment by employing FADN indicators conducted in the EU Member States [16] were used when assessing the appropriateness of every indicator. [21] Using the system of levels for assessment of indicators, change in the values of the agroecosystem services and goods created by all the types of capital is assumed to be the starting point. Certain criteria, from which indicators are derived and which influence a function, are set for any change in capital of each type at the next level.
The list contained 44 indicators that were appropriate for sustainability criteria assessment. The purpose of the assessment was to identify sustainable agricultural intensification at farm-level; therefore, the next step performed in the selection of indicators involved examining potential databases. There were two alternatives in the acquisition of data -to use the data of the FADN or the CSB. Both databases were representative; the indicators were regularly updated and statistically credible. The data grouped by farm economic size and by farm type in the FADN database were more consistent with the research task. Some data were acquired from the CSB and national inventory reports (NIR), and the authors did necessary indicator calculations. The number of indicators needed for the assessment of development had to be reduced, which considerably simplified the interpretation of results. The number of indicators was reduced by performing a correlation analysis between the indicators of one group, and an indicator was excluded from the list if its correlation coefficient was higher than 0.9 and it represented an identical causal relationship in the factor group. After the assessment was completed, the final list of indicators for the factors of sustainable intensification consisted of: five indicators for the economic factors, five for the social factors, five for the environmental factors and five indicators for the technological/innovation factors. Table 2 presents the indicators for each factor group and the development trajectory of every indicator. The factor indicators acquired have to be assessed at the next stage of development of the indicator system in order to identify their relative weight of importance. Each indicator was sequentially compared with the others. Using Formula 1, the importance or relative weight was calculated for each indicator:
where S i -weight of i-th indicator, P i -number of advantages for i-th indicator.
The weight for the number of advantages for each indicator shows the relative weight of its importance in the range from 0 to 1. Then the relative weight of each factor's importance was calculated according to the equation. The calculated weights of the indicators of sustainable intensification in crop farming are summarised in Table 3 . Labour productivity 0.07 EK 10
Financial stability of an enterprise 0.08 SO 5 Retention of jobs in rural areas 0.06 SO 6 Creation of jobs in rural areas 0.03 SO 9
Social responsibility of an enterprise 0.10 VI 1
Emission intensity in the agro -ecosystem 0.10 VI 10
Preservation of biodiversity 0.10 VI 6
Environment-friendly management system 0.04 TI 1
Development of crop products 0.10 TI 3
Innovations in production technologies 0.10 TI 4
Innovations in the system of production 0.08 Total ∑=1 Source: authors ' construction In the next step, the indicators were normalised, the key purpose of which was to make the indicator values comparable, as the range of the factor values was very broad and they were expressed in incomparable units of measurement. Owing to normalisation, the initial units of measurement disappear and the diverse indicators become mutually comparable. The normalised indicator values for the factors of sustainable intensification in crop farming, R i , were calculated for six farm groups of various economic sizes, which represented 347 agricultural holdings that specialised in field crops.
The sustainable intensification development index, IA, was calculated by Formula 2. There were used the weights for each factor indicator and the normalised values of each indicator calculated earlier. To perform a comparison, the development index was calculated for every economic size group using the data for 2005 and 2015. 
where IA i -sustainable intensification development index for the i-th farm group, S i -weight for i-th sustainability indicator, R ig -value of i-th normalised indicator for the g-th farm group.
In the calculations of the IA index, the indicator values were summed according to the trajectory defined in Table 2 . If an indicator has to increase in value, the plus (+) sign is used, whereas if the indicator has to decrease the minus (-) sign is used. The IA indexes calculated for crop farms and broken down by group of economic, social, environmental and innovation/technological factors are presented in Figure 2 .
The data analysed show differences in development among the farm groups of various economic sizes. The group of large farms has intensified the agricultural production process, yet the impact on the environment has increased. With the economic processes continuing in rural areas that result in increases in the physical size (managed UAA) and the economic size, the impact on the rural environmental is going to increase, which contradicts the principles of sustainable development. 
Conclusions
1. Sustainability assessment of crop sector has showed that in 2015 average Latvian crop farm meets innovation and social sustainability, which means that such indicators as -retention of jobs, creation of jobs in rural areas, social responsibility of an enterprise, development of crop products, innovations in production technologies and in the system of production -shows positive changes; however negative values of economic and environmental sustainability indexes point to the challenges of meeting overall sustainability, where special focus should be paid on UAA productivity, diversification of economic activity, labour productivity, financial stability of an enterprise, emission intensity and environment-friendly management system, preservation of biodiversity. 2. The results showed that there can be found considerable differences in development and meeting certain aspects of sustainability among the farm groups of various economic sizes:
• the main challenge for farms with economic size ranging from 4 till 50 thsd. EUR per year is meeting economic sustainability. Currently theses farms meet insufficient profitability, lack diversification of economic activities and financial and resource autonomy, as well show instability of their economic activity; • the main challenge for farms with economic size over 500 thsd. EUR per year is meeting environmental sustainability. Study results showed that within group of these farms exploitation of production resources of fossil origin had essentially increased (mainly due to constantly increasing amount of fertilisers and plant protection products applied; and agricultural land tillage practice). In order to meet environmental sustainability more focus should be paid on usage of renewable energy sources, agricultural land quality control, biodiversity, GHG emissions.
